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Air samples collected on the campus of the California Institute of Technology in Pasadena, CA, contained 
~30 ppm more CO2 in 1998-2003 than they did in 1972-1973 (averaging 369 ppm in 1972-1973 and 397 
ppm in 1998-2003).  Yet the ranges of the carbon and oxygen isotopic ratios have remained essentially 
constant (13CVPDB was -13.4 to -7.7‰ in 1972-1973 and -14.1 to -8.0‰ in 1998-2003; 18OVPDB-CO2 was -
4.0 to -0.3‰ in 1972-1973 and -4.0 to +0.5‰ in 1998-2003).  A tighter distribution for most of the more 
recent measurements is consistent with fewer days with highly polluted air relative to 30 years ago.  Both 
data sets display significant correlations between 13C and 1/CO2, with end member 13C values of -31.8 ± 
0.4‰ for 1972-1973 and -30.6 ± 0.2‰ for 2002-2003.  Based on mass balance considerations, this 
reflects a changing mix of natural gas and petroleum products burned in the region combined with a 
change in the isotopic composition of the bulk petroleum products burned.  
 
The 13C of the CO2 inventory in Pasadena can be explained by a local addition to “clean” air of 16 to 36 
ppm CO2 from exhaust from burning of fossil fuels (petroleum products and natural gas) and minor 
emissions from cement production.  Because of southern California’s warm climate, larger amounts of 
isotopically light fossil fuel are consumed during the summer for energy generation for air conditioning; 
much smaller amounts are required during the winter for heating.  This offsets the effects of vegetation 
due to photosynthesis/respiration and masks the periodic seasonal variation observed in clean air from 
oceanic/coastal sites at similar latitudes, although the error limits allow up to 32% of the local 
contribution to be derived from biological activity.   
 
Unlike carbon, the isotopic composition of oxygen in the CO2 of Pasadena air does exhibit seasonal 
variations, similar to those of clean air sites at similar latitudes, reflecting the global signal of the 
biosphere’s annual cycle.  Added to this is the high-CO2 end member contributed locally, which is a 
product of fossil fuel combustion, whose oxygen is similar to atmospheric O2, as determined by analysis 
of plots of 1/CO2 vs. 18O.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  Composition of CO2 in air in Pasadena compared with air from clean southern California sites and 
NOAA ESRL oceanic and coastal sites located 25-40°N.  Shaded bands indicate ±1 from the best fit lines. 
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For a number of years various investigators have demonstrated success in detecting the effects of aerosols 
on cloud microphysical properties from surface and satellite remote sensing. Nevertheless, because of the 
importance of aerosol-cloud interactions for climate change, it is important to quantify this effect. To 
date, it is unclear to what extent the range of detected responses are physical and to what extent 
measurement errors play a role. Moreover, it is unclear what the accuracy requirements are for various 
measures of the aerosol indirect effect in terms of W m-2 of forcing for climate change applications. 
 
To address these issues we use a radiative transfer model to establish the sensitivity of cloud forcing to 
anthropogenic aerosol influences. The shortwave (0.28 - 4.0 μm) radiative forcing at the surface was 
calculated for the range of physical indirect effect (IE) values. The change in cloud optical depth (τc) for 
increasing cloud condensation nucleus concentration (NCCN), used as model input, is shown for the range 
of IE at two fixed LWP (left panel). Instantaneous (middle panel) and diurnally averaged (right panel) 
forcings are calculated for each of the IE values as the difference in irradiance for NCCN = 500 cm-3 and 
NCCN - 25 cm-3, representing polluted versus clean conditions. This exercise demonstrates that 
uncertainties in measures of the first aerosol indirect effect will translate to large uncertainties in radiative 
forcing estimates for climate change applications. We further quantify these uncertainties and their 
relationships in this presentation. 
 
 

 
 
Figure 1.  The radiative forcing for several different values of the first aerosol indirect effect (IE) (left panel) at two 
different liquid water path quantities for instantaneous radiation (middle panel) and diurnally averaged radiation 
(right panel). 
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